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驱体，成功合成了 ZnO/Ni3ZnC0.7/C 和 NiO/NiCo2O4 两种纳米复合材料体系，并
对其形貌、微结构以及作为锂离子电池电极材料的储锂性能进行了较系统的研究。
主要结果如下： 
1. MOF 衍生的蛋黄壳结构的 ZnO/Ni3ZnC0.7/C 纳米复合材料 
本实验通过简单的溶剂热反应时间的调控合成出了具有实心球和蛋黄壳结
构的 Zn-MOF/Ni 前驱体，继而高温热处理得到了多孔的 ZnO/Ni3ZnC0.7/C 纳米复
合材料。 
应用于锂离子电池负极材料时，在 500 mA g-1的电流密度下充放电 750次后，
蛋黄壳结构的 ZnO/Ni3ZnC0.7/C 纳米复合材料仍可保持 1002 mA h g-1 的稳定可逆





2. MOF 衍生的银耳状结构的 NiO/NiCo2O4 纳米复合材料 
本实验在基于对反应物浓度、摩尔比等参数调控的基础上，通过溶剂热法合
成了实心球和银耳状结构的 Ni/Co-MOF 前驱体。继而高温热处理得到了多层空






































In the face of increasingly scarce non-renewable resources, scientific researchers 
are committed to exploring the clean and environment friendly renewable energy. At 
the same time, they also began to seek the effective methods to improve energy 
conversion and storage. As one new kind of energy storage devices with many 
superiorities (such as high energy density, long cycle life, good safety performance, 
and so on), lithium-ion batteries had been widely sought after since they appeared. 
Owing to the superiorities of rich resources, friendly environment and high theoretical 
capacity, transition metal oxides are deemed to be one of the most development 
potential materials as the anode materials of lithium ion batteries in the next 
generation. Metal organic frameworks (MOFs) are a kind of excellent materials 
owning many advantages, such as high specific surface area and porosity, and also the 
controllable morphology and structure, which are regarded as ideal precursors to 
synthesize anode materials. In this thesis, ZnO/Ni3ZnC0.7/C and NiO/NiCo2O4 were 
successfully synthesized adopted metal-organic frameworks as precursors, their 
morphologies and microstructures had been studied systematically. And the lithium 
storage performance had been investigated also. The main results are as follows: 
1. MOF-derived yolk-shell ZnO/Ni3ZnC0.7/C nanocomposite  
In this study, solid and yolk-shell structured Zn-MOF/Ni microspheres were 
synthesized with a simple solvothermal method through controlling reaction time. 
Then, by the high temperature heat treatment, the porous ZnO/Ni3ZnC0.7/C 
nanocomposites with different microstructures were obtained. 
Applied as anode material of the lithium-ion batteries, at a high current density 
of 500 mA g-1 after completed 750 cycles, the ZnO/Ni3ZnC0.7/C nanocomposite with a 
yolk-shell structure can sustain a stable reversible capacity about 1002 mA h g-1; and 
the solid ZnO/Ni3ZnC0.7/C spheres show a capacity of 824 mA h g
-1. Compared with 
the solid sphere structure ， yolk-shell structure can not only afford larger 
electrode-electrolyte contact area and more active sites, but also can be helpful to 















performances. In addition, the yolk-shell structure owns free space and large specific 
surface area (112 m2 g-1), which can effectively alleviate the structural strain in the 
process of discharging and charging, and then prevent the structure collapse of the 
active materials. The advantages mentioned above provide the stability cycle 
characteristic and excellent rate performance for yolk-shell structure ZnO/Ni3ZnC0.7/C 
nanocomposite as the electrode material. 
2. MOF-derived tremella-like NiO/NiCo2O4 nanocomposite 
In this experiment, solid sphere and tremella-like structured Ni/Co-MOF 
precursors were successfully synthesized by solvothermal method through controlling 
the experimental parameters (mole ratio, concentration of the reactants). Followed by 
high temperature treatment, multilayered hollow sphere and tremella-like structured 
NiO/NiCo2O4 nanocomposites were obtained. 
Applied as anode material of lithium-ion batteries, tremella-like NiO/NiCo2O4 
nanocomposite exhibits superior electrochemical performances than the multilayered 
hollow sphere. The main reasons as follows: tremella-like structure is composed by 
multilayered hollow sphere and thin two-dimensional layer, a thin and highly porous 
two-dimensional layer not only can offer larger area for electrode-electrolyte contact 
and improve more active sites, but also can be helpful to shorten Li+ diffusion path. 
These advantages grant tremella-like NiO/NiCo2O4 nanocomposite stable cycle 
property and charming rate performance applied as anode material of lithium-ion 
batteries. 
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图 1.1 不同电池的能量密度的比较[1] 






















反应和锂离子脱出。由于 LiCoO2 的最高电压被限制在 4.2 V (vs. Li/Li+)，导致实



















图 1.2 锂离子电池的工作原理[2] 
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